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(57) ABSTRACT 
An embedded redistribution interposer is disclosed for pro 
viding footprint compatible chip package migration in Which 
a die designed to be mounted into chip package is originally 
implemented using a ?rst type of silicon platform and is 
subsequently redesigned for a second type of silicon plat 
form, resulting in a redesigned die being a different siZe than 
the original die and no longer compatible for mounting in the 
chip package. According to the present invention, the 
embedded redistribution interposer includes a substrate hav 
ing a plurality of bond pads on a top side thereof, Wherein 
the redesigned die is mounted to the top of the interposer 
substrate, and the bottom of the interposer substrate is 
mounted to the substrate of the chip package. The rede 
signed die is connected to the redistribution interposer via a 
?rst set of electrical connections coupled betWeen the die 
and the interposer bond pads. The redistribution interposer is 
then connected to the package via a second set of electrical 
connections coupled betWeen the interposer bond pads and 
a package substrate, Wherein signals from the die are redis 
tributed in a manner that increases die fan-out Without 
violating assembly rules, thereby eliminating the need to 
redesign the chip package to accommodate the redesigned 
die, resulting in a footprint compatible package. 
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EMBEDDED REDISTRIBUTION INTERPOSER 
FOR FOOTPRINT COMPATIBLE CHIP PACKAGE 

CONVERSION 

FIELD OF THE INVENTION 

[0001] The present invention relates to integrated circuit 
chip migration, and more particularly to an embedded redis 
tribution interposer for providing footprint compatible chip 
package conversion. 

BACKGROUND OF THE INVENTION 

[0002] Achip package is a housing used to encapsulate an 
integrated circuit die for plugging into (socket mount) or 
soldering onto (surface mount) a printed circuit board. Most 
chip packages are constructed With the die mounted on a 
package substrate With signals from the die connected to 
conductive lines or traces on the surface of the package. The 
die or chips Within the package may be Wire bond or 
?ip-chip interconnected to the die. 

[0003] FIG. 1 is a cross-section vieW of a conventional 
Wire bond package. A Wire-bond package 10 is constructed 
With a die 12 mounted on a substrate 14 face-up (can also be 
face doWn) With Wire bonds 16 connected betWeen bond 
pads (not shoWn) on the die 12 and bond pads (or ?ngers) 
(not shoWn) on the package substrate 14. 

[0004] FIG. 2 is a cross-section vieW of a conventional 
?ip-chip package. A ?ip-chip package 20 has solder balls 
(also knoWn as solder bumps) 22 placed on the (active) 
surface of the die 24, and the die 24 is “?ipped” over onto 
the package substrate 26 and connected to the package via 
the solder balls 22. In both FIGS. 1 and 2, after the packages 
10 and 20 are assembled, the packages 10 and 20 are surface 
mounted to a printed circuit (PCB) board 30 by metal leads 
(not shoWn) or solder balls 28. 

[0005] The current trend With both types of package 
technologies is toWards the production of custom chip 
designs in Which a customer contracts With a chip manu 
facture to produce a custom chip package. There are a 
number of different types of silicon platforms in existence 
from Which to fabricate the chips. Examples of different 
types of silicon platforms include FPGA (Field Program 
mable Grid Array), platform or structured ASICs, and cell 
based ASICs. As different silicon platforms become more 
prevalent, customers are looking for Ways to migrate chip 
designs betWeen platforms in Which one type of platform is 
used for prototyping or limited production, and a loWer-cost 
platform is used to implement high-volume production. 

[0006] For example, a chip design may be ?rst imple 
mented as an FPGA, Which is typically large and expensive, 
in situations Where the design is unproven or demand for the 
chip is unknoWn. Once a determination is made to mass 
produce the design, the customer may migrate the FPGA 
design to an ASIC platform, Which is an overall loWer-cost 
solution in high-volume environments. Besides converting 
an existing FPGA design to ASIC, customers may also 
convert a plafform/structured ASIC design to a full cell 
based ASIC, for instance. 

[0007] Rapidchip is another type of silicon platform Where 
a reference chip design serves as a starting point for the 
design of custom chips. A design produced as a rapidchip 
may be used as a development vehicle in situations Where it 
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is critical to prove a product design or that a market exists 
for that product. If the market is successful, then the design 
Will be converted to ASIC to loWer overall product cost. 

[0008] When a chip design is redesigned from one silicon 
plafform to another, e.g., from FPGA or platform ASIC to a 
full cell-based ASIC, the area of the die is dramatically 
reduced. The result of this die siZe reduction makes it 
challenging to interconnect the redesigned die to the pack 
age that Was designed for the original die. Apackage has a 
pin-out comprising pins, leads or balls at ?xed locations 
corresponding to signal I/Os and poWer and ground. When 
a chip is redesigned from one silicon platform to another, the 
locations of those pins have to be the same on a converted 
package to maintain footprint compatibility. Footprint com 
patibility enables the customer to use the cost reduced chip 
design in the existing PCB board. HoWever, assembly rules 
place limitations on design parameters such as, Wire length, 
Wire angle, loop height, Wire pitch, bond ?nger pitch, and 
radial fan-out. With relatively large die, assembly rules are 
easier to meet. When a chip is redesigned and made smaller, 
hoWever, I/O density and routing congestion increases, 
reducing the possibility of assembly rule compliance. If any 
of the pin locations of the package need to be altered to 
accommodate the redesigned die, then footprint compatibil 
ity is lost. 

[0009] FIG. 3 is a diagram illustrating one example of a 
package design issue that can arise during die migration of 
a die to a smaller die. A top vieW of a redesigned die 40 is 
shoWn to illustrate that to due assembly rules, a decrease in 
die siZe results in reduced signal fan-out. The dashed bound 
ary lines 42 shoW available radial fan-out angles for the 
routing of Wire bonds from the die 40 to the package 
substrate. In this example, the fan-out rules are met When all 
bond Wires from the side of the die can be routed to the 
substrate Within the tWo boundary lines 42. The ?rst three 
arced lines shoWing bond Wire connection locations on the 
substrate meet the fan-out rules. Due to the small form factor 
die, hoWever, some bond Wires fan out past the boundary 
lines 40, resulting in violation of the fan-out rules (assembly 
rules), as shoWn by the last arced line. In such a case, the 
redesigned die 40 may force a redesign of the chip package, 
resulting in footprint incompatibility. 

[0010] Losing footprint compatibility With the original 
chip package in this manner is disadvantageous because the 
PCB board to Which the original chip package Was to attach 
must also be redesigned to accommodate the neW package 
footprint. Such redesigns may add months of engineering 
time to a project and signi?cantly impact both costs and the 
time to market. 

[0011] One solution to avoid having to redesign the PCB 
board is a daughter card approach in Which a daughter card 
is inserted betWeen the redesigned package and the PCB 
board to act as a bridge betWeen the old and neW connec 
tions. This solution is inadequate because it still requires a 
redesign of the original chip package, and is not cost 
effective for high-volume design. In addition, added para 
sitics to the package may impair the electrical performance 
of the redesigned die, thus preventing the die from meeting 
performance capabilities. 

[0012] Accordingly, What is needed is a method and 
apparatus that provides an easy migration path from loW 
volume silicon platforms, such as FPGA and platform 
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ASICs, to lower cost silicon platforms, such as cell-based 
ASICs, While maintaining footprint compatibility With the 
existing chip package. 

SUMMARY OF THE INVENTION 

[0013] The present invention provides an embedded redis 
tribution interposer for providing footprint compatible chip 
package migration in Which a die designed to be mounted 
into chip package is originally implemented using a ?rst 
type of silicon platform and is subsequently redesigned for 
a second type of silicon platform, resulting in a redesigned 
die being a different siZe than the original die and no longer 
compatible for mounting in the chip package. According to 
the present invention, the embedded redistribution inter 
poser includes a substrate having a plurality of bond pads on 
a top side thereof, Wherein the redesigned die is mounted to 
the top of the interposer substrate, and the bottom of the 
interposer substrate is mounted to the substrate of the chip 
package. The redesigned die is connected to the redistribu 
tion interposer via a ?rst set of electrical connections 
coupled betWeen the die and the interposer bond pads. The 
redistribution interposer is then connected to the package via 
a second set of electrical connections coupled betWeen the 
interposer bond pads and a package substrate, Wherein 
signals from the die are redistributed in a manner that 
increases die fan-out Without violating assembly rules, 
thereby eliminating the need to redesign the chip package to 
accommodate the redesigned die. 

[0014] According to the method and system disclosed 
herein, the present invention provides an easy migration 
path from loW volume silicon platforms, such as FPGA and 
platform ASICs, to loWer cost silicon platforms, such as 
cell-based ASICs, While maintaining footprint compatibility 
With the eXisting package, thereby enabling the use of 
eXisting PCB layouts Without the need for re-design and 
potential market WindoW loss. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a cross-section vieW of a conventional 
Wire bond package. 

[0016] FIG. 2 is a cross-section vieW of a conventional 
?ip-chip package. 
[0017] FIG. 3 is a diagram illustrating one eXample of a 
package design issue that can arise during die migration of 
a die to a smaller die. 

[0018] FIG. 4 is a side vieW of top vieW of a chip package 
having the embedded redistribution interposer in accordance 
With a preferred embodiment of the present invention. 

[0019] FIG. 5 is a top vieW of the chip package having the 
embedded redistribution interposer. 

[0020] FIG. 6 is a diagram shoWing an embedded redis 
tribution interposer With poWer and ground rings in accor 
dance With a second embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0021] The present invention relates to a redistribution 
interposer card. The folloWing description is presented to 
enable one of ordinary skill in the art to make and use the 
invention and is provided in the conteXt of a patent appli 
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cation and its requirements. Various modi?cations to the 
preferred embodiments and the generic principles and fea 
tures described herein Will be readily apparent to those 
skilled in the art. Thus, the present invention is not intended 
to be limited to the embodiments shoWn, but is to be 
accorded the Widest scope consistent With the principles and 
features described herein. 

[0022] The present invention enables chip migration to 
occur in a manner that maintains footprint compatibility for 
the chip package. Chip migration occurs When a die is 
originally implemented using a ?rst type of silicon platform 
and is subsequently redesigned using a second type of 
silicon platform (e.g., FPGA to platform ASIC or Platform 
ASIC to full cell-based ASIC). The redesigned die is typi 
cally smaller in than the original die, and usually less 
eXpensive and more reliable, but results in higher substrate 
routing congestion, complexities in Wire bond interconnect 
and may no longer be compatible for mounting in the 
original chip package. 

[0023] The present invention provides an embedded inter 
poser card that acts as a redistribution layer betWeen rede 
signed die and the substrate of the original chip package to 
eliminate assembly and substrate related design constraints. 
One set of electrical connections connect the die to the 
interposer, and a second set of electrical connections connect 
the interposer to the chip package. Accordingly, the embed 
ded redistribution interposer of the present invention enables 
the die to interconnect to the main package substrate via the 
interposer, resulting in footprint compatibility With the origi 
nal package design. Thus, use of the redistribution interposer 
Within the chip package not only eliminates the need to 
redesign the chip package, but also the PCB board to Which 
the chip package is designed to attach. 

[0024] FIG. 4 is a side vieW of top vieW of a chip package 
having the embedded redistribution interposer in accordance 
With a preferred embodiment of the present invention, and 
FIG. 5 is a top vieW of the chip package. The chip package 
50 includes a redesigned die 52, and a package substrate 54. 
According to the present invention, the chip package 50 
further includes a redistribution interposer 56 embedded in 
the package 50 betWeen the redesigned die 52 and the 
package substrate 54. The redesigned die 52 attaches to the 
top of the redistribution interposer 56 and the bottom of the 
redistribution interposer 56 attaches to the top of the pack 
age substrate 54, preferably using adhesive 58. The rede 
signed die 52 and the redistribution interposer 56 are 
enclosed in the package 50 by encapsulation (note, if done 
With ?ip-chip bump interconnect, encapsulation is not the 
only method of sealing the package) 60. In a preferred 
embodiment of the present invention, the interposer 56 is 
larger in siZe than the die 52, but smaller than the package 
substrate 54, and the substrate comprising the interposer 56 
may be any material that can route signals and act as a 
bonding tier. EXample substrate materials include, but are 
not limited to, silicon, ceramic and organic substrates. 

[0025] As shoWn in FIG. 5, the redesigned die 52 includes 
bond pads 60 along its edges that need to be Wire bonded to 
different tiers of bond pads 62 on the package substrate 54 
(see FIG. 3), Which via doWn to solder balls 64 on the 
underside of the package 50. To maintain compliance With 
assembly and fan-out rules When connecting the smaller die 
52 to the eXisting package substrate 54, the redistribution 
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interposer 56 preferably includes inner bond pads 66a, and 
outer bond pads 66b located along the edges thereof, 
Wherein each pair of inner and outer bond pads 66a and 66b 
are interconnected via jumpers 68. The die 52 is connected 
to the redistribution interposer 56 With a ?rst set of Wire 
bonds 70 that are connected betWeen the die bond pads 60 
and inner bond pads 66a. The redistribution interposer 56 is 
connected to the package substrate 54 With a second set of 
Wire bonds 72 that are connected betWeen the outer bond 
pads 66b and the package bond pads 62 to redistribute the 
signals from the die 52 in a manner that increases die fan-out 
Without violating assembly rules. 

[0026] In an alternative embodiment, rather than having 
pairs of inner bond pads 66a and corresponding outer bond 
pads 66b connected by jumpers 68, the redistribution inter 
poser 56 may be implemented Where each pair of bond pads 
66a and 66b is formed as one long single bond pad 66. In 
this embodiment, Wire bonds 70 connect signals from the die 
bond pads 60 to the interposer bond pads 66, and Wire bonds 
72 connect signals from the interposer bond pads 66 to the 
package bond pads 62. 

[0027] Referring noW to FIG. 6, a second embodiment of 
the present invention shoWn, Where like components from 
FIGS. 4 and 5 have like reference numerals. In the second 
embodiment, an embedded redistribution interposer 80 is 
provided With poWer and ground rings 82 and 84, and 
passives 86, such as capacitors. PoWer and ground signals 
from the die 52 connect to poWer and ground rings 82 and 
84 of the interposer 80 using the ?rst set of Wire bonds 70. 
As in the ?rst embodiment, interposer bond pads 64 are 
connected to the package bond pads 62 using a second set of 
Wire bonds 72. In addition, a third set of Wire bonds 92 is 
used to connect the poWer and ground rings 82 and 84 of the 
interposer 80 to poWer and ground islands 88 on the package 
substrate 90. In a further embodiment, some of the inter 
poser bond pads 64 may be provided so that they via doWn 
to contacts in the package substrate, providing a more direct 
connection to solder balls 64. 

[0028] Placing poWer and ground on the interposer 80 
according to the present invention provides several advan 
tages. For example, in a typical package, there are many 
Wire bond connections betWeen the die and poWer and 
ground on the package substrate 90. Moving some of those 
poWer and ground connections from the substrate 90 to the 
intermediate layer of the interposer 80 in accordance With 
the present invention reduces Wire congestion, thus reducing 
inductive coupling due to short Wire lengths from the die to 
the interposer. 

[0029] An additional bene?t of the present invention is 
that it reduces the cost of the package. The original package 
may have had densely packed bond pads 62, Which is 
expensive to produce. With the present invention, some of 
the package bond pads 62 may be relocated to the interposer. 
Therefore, the remaining bond pads 62 on the package 
substrate may be spread out, thereby reducing cost. 

[0030] A redistribution interposer has been disclosed that 
is embedded betWeen the redesigned die and the package 
substrate that Was designed for the original die. Pads from 
the die and pads on the interposer are connected via standard 
Wire bond assembly. Secondary Wire bonding connects 
signals from the interposer to the package substrate. Accord 
ing to the present invention, the embedded interposer acts as 
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a redistribution layer for signals from the die to the package 
substrate, Which reduces congestion, increases radial fan 
out, and enables footprint compatible package design. 

[0031] Because the embedded redistribution interposer 
uses standard packaging materials and standard assembly 
processes, the overall cost of the converted product is 
reduced, and the customer is provided With a footprint 
compatible loW-cost ASIC solution that is compatible With 
their eXisting PCB board. Thus, present invention provides 
a loW cost, time-to-market solution. 

[0032] Although the present invention has been described 
in terms of a preferred embodiment of the Wire bond 
package, those With ordinary skill in the art Will readily 
recogniZe that the embedded redistribution interposer can be 
used With ?ip-chip packaging as Well, Wherein instead of 
Wire bond interconnects betWeen the die/interposer/sub 
strate, solder bump interconnects are used. 

[0033] The present invention has been described in accor 
dance With the embodiments shoWn, and one of ordinary 
skill in the art Will readily recogniZe that there could be 
variations to the embodiments, and any variations Would be 
Within the spirit and scope of the present invention. Accord 
ingly, many modi?cations may be made by one of ordinary 
skill in the art Without departing from the spirit and scope of 
the appended claims. 

We claim: 
1. An embedded redistribution interposer for providing 

footprint compatible chip package migration in Which a die 
designed to be mounted into chip package is originally 
implemented using a ?rst type of silicon platform and is 
subsequently redesigned for a second type of silicon plaf 
form, resulting in a redesigned die being a different siZe than 
the original die and no longer compatible for mounting in the 
chip package, the embedded redistribution interposer com 
prising: 

a substrate having top and bottom sides, Wherein the 
redesigned die is mounted on the top side of the 
substrate, and the bottom side of the substrate is 
mounted to a surface of the chip package; 

a plurality of bond pads; 

a ?rst set of electrical connections coupled betWeen the 
redesigned die and the plurality of bond pads to connect 
the redesigned die to the redistribution interposer; and 

a second set of electrical connections coupled betWeen the 
plurality of bond pads and a package substrate to 
connect the redistribution interposer to the package, 
Wherein signals from the die are redistributed from the 
die such that die fan-out is increased Without violating 
assembly rules, thereby eliminating the need to rede 
sign the chip package to accommodate the redesigned 
die. 

2. The redistribution interposer of claim 1 Wherein the 
plurality of bond pads include pairs of inner bond pads and 
outer bond pads, Wherein each pair of inner and outer bond 
pads are interconnected via jumpers. 

3. The redistribution interposer of claim 2 Wherein the die 
is connected to the redistribution interposer With a ?rst set of 
Wire bonds that are connected betWeen die bond pads and the 
inner bond pads. 
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4. The redistribution interposer of claim 3 wherein the 
interposer is connected to the package substrate With a 
second set of Wire bonds that are connected betWeen the 
outer bond pads and package bond pads. 

5. The redistribution interposer of claim 4 Wherein the 
interposer includes poWer and ground rings, such that poWer 
and ground signals from the die connect to poWer and 
ground rings of the interposer using the ?rst set of Wire 
bonds. 

6. The redistribution interposer of claim 5 Wherein the 
interposer includes a third set of Wire bonds for connecting 
the poWer and ground rings of the interposer to poWer and 
ground islands on the package substrate. 

7. The redistribution interposer of claim 1 Wherein the 
plurality of bond pads are implemented as a set of long bond 
pads Wherein a ?rst set of Wire bonds connect signals from 
die bond pads to the interposer long bond pads, and a second 
set of Wire bonds connect signals from the interposer bond 
pads to the package bond pads. 

8. The redistribution interposer of claim 1 Wherein the 
chip package includes solder balls for connection to a PCB 
board, Wherein due to the footprint compatibility of the chip 
package provided by the interposer, the PCB does not have 
to be redesigned for the chip package. 

9. The redistribution interposer of claim 8 Wherein a 
portion of the interposer bond pads via doWn to contacts in 
the package substrate, providing a more direct connection to 
the solder balls. 

10. The redistribution interposer of claim 1 Wherein the 
interposer is larger in siZe than the die, but smaller than the 
package substrate. 

11. The redistribution interposer of claim 1 Wherein the 
interposer comprises a material that can route signals and act 
as a bonding tier. 

12. The redistribution interposer of claim 1 Wherein at 
least one of the ?rst and second set of electrical connections 
comprise solder balls. 

13. A chip package having a substrate With bond pads 
thereon, and a pin-out for connecting the chip package to a 
board, comprising: 

a redesigned die that Was originally designed for mount 
ing in the chip package and Was subsequently migrated 
from one silicon plafform to another, resulting in a 
smaller form factor; 

a redistribution interposer embedded in the chip package 
betWeen the package substrate and the redesigned die, 
the redistribution interposer including a plurality of 
bond pads; 

a ?rst plurality of Wire bonds coupled betWeen the die and 
the interposer bond pads; 

a second plurality of Wire bonds coupled betWeen the 
interposer bond pads and the bond pads on package 
substrate, thereby redistributing signals from the rede 
signed die and increasing radial fan-out, thereby main 
taining footprint compatibility With the chip package 
and eliminating need to redesign the chip package and 
the board. 
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14. The chip package of claim 13 Wherein the plurality of 
interposer bond pads include pairs of inner bond pads, and 
outer bond pads, Wherein each pair of inner and outer bond 
pads are interconnected via jumpers. 

15. The chip package of claim 14 Wherein the ?rst set of 
Wire bonds are connected betWeen die bond pads and the 
inner bond pads. 

16. The chip package of claim 15 Wherein the second set 
of Wire bonds are connected betWeen the outer bond pads 
and package bond pads. 

17. The chip package of claim 16 Wherein the interposer 
includes poWer and ground rings, such that poWer and 
ground signals from the die connect to poWer and ground 
rings of the interposer using the ?rst set of Wire bonds. 

18. The chip package of claim 17 Wherein the interposer 
includes a third set of Wire bonds for connecting the poWer 
and ground rings of the interposer to poWer and ground 
islands on the package substrate. 

19. The chip package of claim 13 Wherein the chip 
package includes solder balls for connection to a PCB board. 

20. The chip package of claim 19 Wherein a portion of the 
interposer bond pads via doWn to contacts in the package 
substrate, providing a more direct connection to the solder 
balls. 

21. The chip package of claim 13 Wherein the interposer 
is larger in siZe than the die, but smaller than the package 
substrate. 

22. The chip package of claim 13 Wherein the interposer 
comprises a material that can route signals and act as a 
bonding tier. 

23. Amethod for providing die migration from one silicon 
platform to another While maintaining package footprint 
compatibility, comprising: 

(a) redesigning a die originally designed for mounting in 
a chip package from one silicon platform to another, 
resulting in a redesigned die having a smaller form 
factor than the original die, Wherein the chip package 
includes a substrate having a plurality of bond pads 
thereon; 

(b) embedding a redistribution interposer in the chip 
package betWeen the package substrate and the rede 
signed die; 

(c) providing the redistribution interposer With a plurality 
of bond pads; 

(d) coupling a ?rst plurality of Wire bonds betWeen the die 
and the interposer bond pads; and 

(e) coupling a second plurality of Wire bonds betWeen the 
interposer bond pads and the bond pads on package 
substrate, thereby redistributing signals from the rede 
signed die and increasing radial fan-out, thereby main 
taining footprint compatibility With the chip package 
and eliminating need to redesign the chip package. 


